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ON THE GLANDULAR ELEMENTS IN THE POSTERIOR 
LOBE OF THE HUMAN HYPOPHYSIS'! 


DEAN LEWIS anp F. C. LEE 
From the Surgical Hunterian Laboratory of the Johns Hopkins University 
INTRODUCTION 
The posterior lobe of the human hypophysis is usually considered 
as being composed almost entirely of a mass of neuroglia tissue in 
which a few nerve fibers are distributed. ‘That this lobe of the pitui- 
tary body also contains glandular elements of various types and in 
varying degrees has not been appreciated generally. It was with the 


purpose of again focussing attention on these gland cells, of showing 


that they are present in some form or other at all ages, and of indicat- 
ing their possible rédle in the physiology of this lobe that the following 
investigation was undertaken. 
MATERIAL 

This report is based on the examination of human hypophyses which 
were obtained at necropsy. Prior to the removal of the brain the 
head was injected with 10 per cent formalin in the usual manner. The 
entire sella turcica with its contents was removed en bloc, and placed 
in Zenker’s fixing fluid for two days. After washing and passing 
through increasing strengths of alcohol, the bony encasement of the 
gland was carefully dissected away when the tissue reached 80 per 
cent alcohol. Usually this dissection was easy and accordingly the 
specimen consisted of the gland with its intact capsule and an infundib- 
ular stalk of varying length. The pars nervosa bulged slightly be- 
neath its dural covering, but sometimes it was relatively large and 
rested in a pocket within the dorsum sellae. In several instances the 
posterior lobe completely pierced the dorsum sellae and impinged upon 
the anterior portion of the brainstem. Each of the glands was meas- 

’ Received for publication August 13, 1927. 

* The collection of this material was made possible through the courtesy of the 
Department of Pathology of this University. 
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ured and an outline sketch made. Naturally there was considerable 
variation in size, particularly with age, but the remarkable differences 
in weight, 0.03 to 1.5 grams, which Schénemann found in the examina- 
tion of 112 specimens, was not indicated by these measurements. In 
none of the cases was the hypophysis involved clinically. 

Thirty glands were embedded in celloidin, sectioned serially, and 
stained mainly in haematoxylin and eosin. The majority of the 
sections were cut at 10 and 15 micra, others at 20, and a few at 40. 
The relatively thick sections were made for wax model reconstruc- 
tions. It was found that the posterior lobe sectioned more easily 
than the anterior lobe. The age of the subjects from which the 
specimens were removed was as follows: new-born, 7 weeks, 6 months, 
12 months, 14 months, and 2 (3 cases), 33, 5, 7, 9, 11 (3 cases), 12, 17 
(2 cases), 26, 29, 33, 39, 42, 45, 47, 50, 53, 57, 69, 73 years. 


OBSERVATIONS 


Curiously enough the first gland which was sectioned serially was 
also one of the most interesting. It was from a girl 3} years of age 
who died of lobular pneumonia and a streptococcus hemolyticus 
septicemia. One of the striking features of this hypophysis was 
the presence of glands which extended from the hypophyseal cleft far 
into the substance of the posterior lobe. These glands were tubulo- 
racemose in character, having numerous alveolar pockets communicat- 
ing by means of a narrow duct with the cleft. Two of these glands 
were well developed and of considerable size, as is shown by the draw- 
ing in figure 1. There was no definite or fixed location for these glands, 
but in general they were situated at the anterior and lateral portions 
of the posterior lobe. In a case 2 years of age these glands were 
also found along the lower part of the stalk anteriorly. 

The general structural characteristics of the gland are understood 
better from the examination of Figure 1, which shows the tubulo- 
racemose nature of the gland together with the solitary collecting duct. 
The left side of this illustration which was made partly from a wax 
reconstruction shows the right half of the hypophysis in which the 
neuroglia and nerve elements have been removed, thus leaving the 
glands stemming from the anterior and lateral aspect of the inferior 
portion of the posterior lobe. These glands have a certain similarity 
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in structure of which a striking common characteristic is the relatively 
small and short pedicle. It is uncommon to find them projecting in 
a fan-shaped fashion as is represented in Figure 3. These glands 
communicate with the cleft or with its subsequent cyst-like subdivi- 
sions. Only occasionally, as is shown by the two flat, rounded pro- 
jections between the pedunculated glands in Figure 1, may the 
glandular tissue not extend for a great distance into the neural lobe. 


Celisubstance removed 
from posterior lobe, \ 
SKeletonizing glands 

stemming from wall_—— 
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Fic. 1. Drawings from the hypophysis of a three-and-a-half-year-old girl. 
Left hand figure, magnified 22 times, was made partly from a wax model recon- 
struction to show the extent of the projection into the posterior lobe of the tubulo 
racemose glands as seen from a transverse section. The neurogliar tissue was 
removed from the posterior lobe, leaving the glandular tissue projecting as two 
large glands and several smaller elevations. The position of these glands is quite 
typical. The cleft is practically intact. 

The figure on the right, magnified 140 times, represents an individual gland from 
the same specimen. The gland, which has numerous smaller branches does not 
show any subdivisions. The branches intertwine to form a compact structure. 
The duct, which is of varying s:ze, empties into the hypophyseal cleft. 


The general contour of the isolated tubulo-racemose gland is also 
well shown in Figure 1. Here the numerous branches are represented 
in perspective and illustrate the various diameters of the collecting 
ducts. It is readily seen that the branching is not very marked, and 
that there is very little intertwining of the smaller gland elements. 
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In Figure 2, taken from a two-year-old child, another type of 


distribution of these glands is represented. 


As will be seen from 


this illustration, the cleft no longer exists as such, but is broken 


up by septa into many spaces, cyst-like in shape, but communicating 
as a rule, and being more numerous and apparently developing first 


near the midline. 





The relative encroachment on the posterior lobe by 


poke ‘Cell substance removed 
from posterior lobe to 
show distribution of 
glands stemming from 
wall 






Sagittal section 


Fic. 2. These drawings, magnified 8.5 times, are from the hypophysis of a one- 


year-old child. The left hand drawing shows the contour of the gland as re- 


constructed by the artist from the serial sections and viewed from above. Ex- 


tending into the posterior lobe are numerous glands of which the most centrally 
located is reproduced with greater magnification in Figure 3. In this case the 
glands did not extend as far into the neural lobe, but the cleft was already more 


subdivided than in the older gland of Figure 1. 


The septa are only partially de- 


veloped, thus leaving the Rathke cysts incompletely formed. The stalk is solid, 
receiving no downward projection from the third ventricle. The anterior lobe 


extends well along the stalk. 


The drawing on the right is a mid-sagittal representation of the same gland to 
indicate the distribution of the tubulo-racemose glands within the left half of the 
neural lobe. It is quite usual to find numerous glands in the extreme lateral part 


of the posterior lobe. 
do these glands project into the anterior lobe. 


these glands is small. 


Other glands are seen far up in the stalk. In no instance 


It may be stated that there is no arrangement 


of these glands which is constant in any particular for age or sex. In 
this drawing the projection of these glands into the stalk should be 


particularly noted. 


Again, attention should be called to the relative 


size of the anterior and posterior lobes at this age. 


The histological appearance of these glands under relatively low 
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Fic. 3. X 85. Transverse section to show a group of glands from the previous 
figure at greater magnification. These glands, situated in the posterior lobe, and 
cut at various sections have small ducts which empty into a colloid cyst. The 
epithelial lining of this cyst continues up the ducts for a short distance. Colloid 
is seen in several of the glands as well as in the cleft. There is no obvious reaction 
of the posterior lobe tissue to these glands. The cleft is broken up into numerous 
cyst-like spaces communicating for the most part and lined with epithelium which 
extends over part of the anterior lobe. 
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magnification is given in Figure 3 which was taken from a section of 
the hypophysis shown in Figure 2. In fact, the group of glands along 
the stalk superiorly in this latter figure are shown in this illustration. 
As will be seen from the figure, the glands, which are tubulo-racemose 
in type, pour their secretion into a cyst-like space, commonly spoken 
of asa Rathke cyst. The various glands are arranged in a fan-shaped 
manner, and the bulk of them empty into this cyst particularly at one 
point posteriorly. Again the terminal portion of the duct is small, 
and the epithelial character of the colloid cyst lining can be traced for 
some distance along the duct. These lower duct cells are small and 
cubical, and differ radically from the true glandular cell itself. Even 
at this magnification it will be seen that the comparatively faintly 
staining cylindrical gland cells have at their apex a small amount of 
colloid. In fact, some of the colloid may be noticed in the lumen of 
the glands. This illustration also shows very well various sections of 
the glands; the longitudinal section of the gland in the upper left 
central region is particularly instructive, in that it demonstrates the 
different evaginations. Apparently the glands cause no obvious re- 
action in the neural lobe; certainly there is no condensation of neurog- 
lia tissue or increased vascularity about them. 

Examination of the cleft in this figure reveals the communicating 
cyst-like character which the intact cleft has undergone. These 
spaces, which separate in a very definite manner the anterior from the 
posterior lobe, are lined with definite rows of cells which are better 
represented in Figure 4. The colloid in these spaces stains identically 
not only with that in the lumen of the glands, but also with the material 
in the apex of the individual gland cells. In other glands there was a 
slight difference in the staining of the colloid in adjoining cysts. 

A better idea of the individual gland cells is gained from Figure 4 
which is taken from the same hypophysis as Figures 2 and 3. In it is 
shown a transverse section of four glands, each with its typical cylin- 
drical epithelium. The nuclei are for the most part round, contain a 
moderate amount of irregularly distributed chromatin, stain lightly, 
and are situated at the base of the cell. The cytoplasm also has a 
light blue color in the haematoxylin and eosin stain. _ It is finely granu- 
lar throughout, except for the colloid which is present, as a rule, at 
the apex of practically every cell as relatively coarse granules, re- 
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Fic. 4. X 500. Higher magnification of some glands in the hypophysis of 
Figure 2, to show the individual cells. Colloid is seen at the apices of the cells; 
in some instances it extends well towards the nucleus. Some cells apparently 
have a greater concentration of colloid than others. A few of the nuclei are flat- 
tened, while others are pyknotic. There is a suggestive karyokinetic nuclear 
figure in the upper right gland. No cilia are noted. The two colloid cysts which 
are partially represented are separated by a septum which crosses the cleft and is 
lined for the most part by small cuboidal cells with a large nucleus. This type of 
cell, together with an occasional chromophile, also forms the posterior lining of the 
anterior lobe, and is separated from the typical chromophile and chief cells of the 
anterior lobe by a thin connective tissue layer. 
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sembling in general distribution, but being smaller in size than the 
zymogen granules of the pancreas. These colloid granules stain 
uniformly a light blue color with the haematoxylin. Occasionally 
these colloid granules extend well to the nucleus of the cell, and 
apparently some cells produce more colloid than others, as is repre- 
sented by the lower left gland. Karyokinetic nuclear figures are rare; 
frequently a nucleus is flattened or is small and pyknotic. The 
basement membrane of the glands is thin, delicate and has tissue 
spaces about it which are possibly slightly larger than those found 
generally in the neural lobe. 

In the lower part of this figure is seen a bit of the posterior portion 
of the anterior lobe with its chromophilic and chief cells. The two 
colloid cysts between the anterior and posterior lobes are lined with 
cells which, as a rule, are small, cuboidal and fairly heavily staining. 
However, an occasional chromophilic cell forms part of the cyst 
lining and frequently cells with a relatively clear cytoplasm are found. 
In general, the cells lining these septa that bridge the two lobes and 
help to form a lining of the cysts give the impression of being poten- 
tially active. 

These glands were usually found in individuals less than four years 
of age, though not invariably so, since none were found in the one case 
of the new-born, nor in a boy two years of age. In fact, only about a 
half of the hypophyses from individuals less than 4 years of age had 
these glands. Furthermore, there was a definite tendency for them to 
decrease in number with age and after four years these typical glands 
no longer appeared in this series. Occasionally, in sections of older 
hypophyses they were seen near colloid cysts areas which resembled 
cross-sections of these tubular glands in general outline, but which 
differed from the latter in that the cells were larger, with clearer 
cytoplasm, and with more heavily staining nucleus. 

At no time did these tubular glands extend entirely across the pos- 
terior lobe, nor did they penetrate the anterior lobe at any time in a 
manner similar to their invasion of the posterior lobe. They were 
rarely observed within the stalk and were always absent from the 
superior posterior portion of the neural lobe. In area, they repre- 
sented only a small amount of the total cross-section of the gland. 
The second type of gland tissue in the posterior lobe is represented 
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by cells which are in the main basophilic in character, and which will 
be so called in this article. Although there is no fixed cell type, the 
general morphology and staining characteristics are more like those 
of the basophiles of the anterior lobe than of any other cell. How- 
ever, there were many variations from these types. In general, 


Distribution of basophilic 
cellmasses 





Fic. 5. X 9.3. Transverse section of an hypophysis from an individual 29 
years old to show the distribution of the basophilic cell masses in the posterior lobe 
from which the neuroglia and nerve tissue has been removed. It will be seen that 
the masses have an irregular surface and extend from the stalk through the en- 
tire posterior lobe. Some of the smaller groups of basophilic cells extend for only 
a short distance posteriorly from the cleft. The cleft is broken up into Rathke 
cysts some of which extend to the back of one of these cell masses. 


these cells were slightly smaller than the anterior lobe cells. Some 
hypophyses had cells whose granules did not stain as heavily with 
Bensley’s, Mallory’s or the iron haematoxylin stain as did the 
anterior lobe cells. Not infrequently the granules were neutrophilic 
or even slightly pink in Mallory’s stain. Very occasionally near 
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the anterior portion of the posterior lobe were found a few cells 
which were eosinophilic. In every instance the granules of these 
basophilic cells were of uniform size and distribution. In haematoxy- 
lin and eosin their cytoplasm stained usually a deep red. Since all 
the histological sections were relatively thick, 10 micra or more, a 
detailed cytological report is not possible. 





Fic. 6. X 11. Photograph of a transverse section of a gland from a man of 29 
years. Note the various basophilic cell masses in the posterior lobe at a, and the 
thinned appearance of the neuroglia tissue near the central cell-mass. The cleft 
is intact on the right side but divided into cysts on the left side. A capsule sur- 
rounds the entire gland. The area b is represented with greater magnification in 
Figure 7. 


The basophiles were found in the posterior lobe at all ages, being 
few in number in the new-born and quite numerous in the adult. 
Their location within the lobe also varied. If present in small num- 
bers, they were found along the anterior portion of the neural lobe, 
particularly at its inferior aspect. In many instances they pierced 
the neural lobe completely, as is indicated by Figure 6 in which their 
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presence within the middle of the posterior lobe is represented. In 
other cases they enclosed the inferior portion of the posterior lobe in 
finger-like processes which in turn extended into the pars nervosa to 
a varying degree (Figs. 6 and 10). Occasionally eosinophilic cells were 
found, but these were situated almost invariably near the anterior 
lobe; none were ever noticed isolated in the posterior lobe. 





Fic. 7. X 120. An enlarged area from Figure 6 shows several cyst-like spaces 
of various sizes; a few small ones at c are lined with duct epithelium. The heavily 
staining cells, as atb,are all basophiles. Note the general distribution and isolated 
situation of some of these cells. The thinned pars nervosa tissue may be observed 
about the area c. The region about d is given in Figure 8, and that about a in 
Figure 9. 


The hypophyseal stalk itself also had these basophilic cells, but not 
invariably. When present they were situated near the attachment of 
the stalk to the neural lobe. The cells were relatively few in number 
and invaded the stalk in a wedge-like manner similar to their penetra- 
tion of the posterior lobe. It was also interesting to note that in the 
upper portion of the stalk these cells were sometimes seen not within the 
neuroglia tissue proper, but in the circumference in close proximity 
to the squamous-cell hypophyseal duct rests. 
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Figure 5 is presented as an aid to visualize the extent and distribu- 
tion of these basophilic cell masses in an individual 29 years of age. 
In this drawing the neuroglia and nerve tissue of the posterior lobe was 
removed in order to bring these cell-masses out in contrast. In this 
case the cell-masses are in two main groups which extend completely 
through the neural lobe. Their irregular surface is supposed to indi- 
cate the haphazard and irregular projection of smaller cell-masses into 





Fig. 8. X 350. A retouched photograph of the area d in Figure 7 to show baso 
philic cells forming pact of the lining of a cyst. Some of the small cuboidal cells 
are beginning to acquire a chromophilic cytoplasm. 


the posterior lobe. Since the view-point in this drawing is superior, 
the bulk of these basophilic cell masses are accordingly, and as a 
rule, inferior in the posterior lobe. These masses usually are in 
contact with the stalk to a greater degree; in this case the bulk of the 
basophilic cells are in the posterior portion of the neural lobe. This 
illustration also brings out the important fact that smaller groups of 
these cells are projecting into the posterior lobe at the junction of the 
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latter with the anterior lobe. If only a few basophilic cells are present, 
they will be found in this location. This figure also shows very well 
how the original hypophyseal cleft has become divided into numerous 
cyst-like spaces. In fact, posterior to one of the cell masses, there is 
a space which resembles the typical Rathke cyst, but it contains no 
colloid. 

The general formation of these basophilic cell masses was in wedge- 
like processes which extended into the posterior lobe from the periphery 





Fic. 9. X 350. A retouched photograph of a in Figure 7 to show the isolated 
position and general morphology of a few basophilic cells. Note the eccentrically 
placed nucleus. 


(Figs. 5, 6, 10). When in such a close formation, the individual cells 
were no longer oval but more cuboidal. Occasionally, these cell- 
masses showed signs of duct or acinar formation, but when such 
structures were seen, it was almost invariably at the periphery of the 
posterior lobe. In fact, a feature of their formation was the independ- 
ence of the individual cells; for sometimes a few cells were seen 
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apparently completely isolated from the main group as well as sepa- 
rated from each other to a considerable degree (Fig. 18). Further- 
more, these isolated cells were, as a rule, not in close proximity either 
to a capillary or to a septum, and yet their independent existence was 
in no way reflected by a difference in shape, size, or staining character- 
istics. In fact, it was not uncommon to find more double and even 
triple nuclei in these outlying cells than in those cells which were part 
of a column. 





Fic. 10. X 8.7. A photograph from the same gland as shown in Figure 6, but 
taken 600 micra inferiorly to show the extent of the basophilic cell-mass encroach- 
ment of the posterior lobe. A large Rathke cyst is at c; the hypophyseal stalk is 
ats. The area a is enlarged in Figure 11. 


In young glands these cells were characterized by their relatively 
light eosin stain and more centrally located pale nucleus. They were 
few and also situated preferably along small blood-vessels which 
extended into the posterior lobe from the region of the cleft. With 
age their cytoplasm stained more heavily; they became more num- 
erous, and they invaded the neural lobe to a greater degree. 

Very often the basophilic cell masses were associated with tissue 
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which resembled gland ducts to a great degree. In Figure 7, for 
example, there are several areas, some at c, which resemble the cross- 
section of ducts. The cells of such an area are small, cuboidal, with 
a clear cytoplasm and small round nucleus. The lumen may be 
comparatively large at times. Another example of such a formation 
is shown in Figure 11, in which small basophilic cell islands, a, sur- 





Fic. 11. K 115. A magnification of area a in Figure 10 to show the ducts or 
cysts, 6, surrounded by a mass of basophilic cells, a. 


round a mass of duct epithelium, 4. At } a single row of basophilic 
cells are in apposition with the duct cells. 

The two above mentioned instances were taken from the same hypo- 
physis of an individual 29 years of age. Both illustrations were from 
the posterior portion of the neural lobe. In Figure 14, taken from a 
case 53 years of age, similar duct cells are seen at a and 0; one of these 
ducts, 6 contains colloid. This figure is from the region of the Rathke 


cysts. 
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These basophilic cells were also found as part of the lining of cysts. 
As is shown in Figure 13, the majority of the investment cells of this 
cyst are the cuboidal cells with a small nucleus. However, it is 
perfectly obvious that a few basophilic cells were also functioning as 
part of the lining. These basophiles were large, and heavily stained, 
with a nucleus which was more near the center of the cell. The shape 





Fic. 12. X 190. Transverse section of the hypophysis of a 29-year-old in- 
dividual. The posterior lobe, 6, ‘s bordered anteriorly by a large colloid cyst, 
as well as by the anterior lobe. The illustration is given for orientation of the 
area a which is enlarged in Figure 13. 


of the cell was cuboidal, larger than the adjoining cells, and yet in 
perfect alignment with them. Some colloid-filled cysts were seen in 
which the lining was composed entirely of basophiles. 

These basophilic cells sometimes helped to form the wall of delicate 
cysts whose lining was composed of flattened cells with a small compact 
nucleus(Fig. 7). In this case the basophilic cells were not cuboidal, as 
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above, but elongated. Very infrequently one of these cells was seen 
within a cyst. At other times they were seen as young forms, slightly 
smaller with pink-staining cytoplasm, being a part of small Rathke 


cysts. 





Fic. 13. X 340. An enlargement of the area a in Figure 12 in order to show the 
basophilic cells which help to form the lining of a duct or cyst having no colloid. 
Note the alignment of these basophilic cells, as well as others immediately on the 
periphery of this cavity. Retouched photograph. 


Again, it was not uncommon to find a mass of them immediately 
surrounding such a cyst, and forming a double lining. In such cases 
the staining of the cytoplasm was not as heavy as in the unattached 
cell. In general, it seemed as if the basophilic cells arose from the 
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lining of these cysts and then spread into the surrounding posterior 
lobe tissue. 

It was also noticed that the architecture of the nerve and neuroglia 
tissue in the neighborhood of these basophilic cell masses differed from 
that in other parts of the neural lobe. As can be seen from Figures 6 
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Fic. 14. X 110. Transverse section through the hypophysis of an individual 
53 years old. Adjoining the large Rathke cyst filled with colloid and lined almost 
completely with basophilic cells are several small ducts, as at a, some of which are 
filled with colloid, as at 0. 


* 
| 


and 7, the neuroglia fibers around and about the basophiles were more 
separated, thinner, smaller and more delicate than those found else- 
where, thus giving an oedematous character to this region. There 
was a gradual transition between this thinner area and the regular 
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neural lobe tissue. At times this zone was very small and narrow, but 
in other instances it extended for a considerable distance from the 
basophilic cell mass. A close examination of Figure 6 will show that 
the tissues immediately anterior to the basophilic cell mass in the 
middle of the posterior lobe and extending almost to the hypophyseal 
cleft are of this delicate and oedematous type. 

As will be seen from Figure 6, the basophilic cell group at b would 
apparently be entirely separated from any other glandular portion of 





Fic. 15. X 6.6. Transverse section of the same gland as in Figure 14 for the 
purpose of orientation. At a a group of cells have entered the posterior lobe; at 
b are a few basophilic cells which are enlarged in Figure 17; s is the stalk. A bit 
of the anterior lobe is present on the right side. 


the hypophysis. However, a study of the serial sections showed that 
this group of cells did communicate with the region of the cleft. In 
Figure 5, this continuity of cell-masses is well shown. 

Often the cell-masses did not extend entirely through the posterior 
lobe, but protruded for a variable distance. This type of invasion was 
represented in an hypophysis 33 years old of which a wax model re- 
construction was made. The line of separation of such a cell mass 
from the anterior lobe is usually not difficult to recognize. A narrow 
band of connective tissue, and cysts of various sizes and shapes, are 
common landmarks of the division. 
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Only in one case of 53 years was this separation difficult to establish. 
In this instance a small wedge of cells (a in Fig. 15) extended for a 
short distance into the upper anterior portion of the posterior lobe. 
The cells were small (Fig. 16) and resembled anterior lobe cells to a 
great degree, except that they all stained lightly with the basophilic 
dyes. In order to distinguish this group of cells from the true baso- 
philic cell found in the posterior lobe, a photograph was taken of the 


Fic. 16. < 575. An enlarged retouched photograph of a in Figure 15, to show 
the nature of the cells which have invaded the posterior lobe, and which differ from 
the cells in Figure 17, taken with the same magnification. 


region 6 in Figure 15, and magnified to the same degree as Figure 16. 
This photograph is shown as Figure 17, and it is at once apparent that 
the two types of cells in Figures 16 and 17 are different. 

In one instance a group of basophilic cells had apparently broken 
through the posterior capsule of the neural lobe (Léwenstein), but 
examination of serial sections showed that an evagination of the cap- 
sule had taken place at one point, and that the basophiles had found 
their way into this opening. 
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It may be well to add a word regarding the presence of colloid in the 
posterior lobe. In young individuals, as mentioned above, colloid 
was found in the tubular glands, in the hypophyseal cleft, in the 
Rathke cysts and also to a small degree free in the tissue spaces. 
In the adult, colloid was seen in cysts which were chiefly at the site 
of the former cleft, but which were also noticed throughout the 





Fic. 17. X 575. An en'‘arged retouched photograph of b, in Figure 15, to show 
the regular basophilic cells in order to contrast them with the cells in Figure 16, 
which have also invaded the posterior lobe. The granular mass to the right of the 
center is pigment. 


posterior lobe. The epithelial lining of some of these cysts appeared 
intact and normal, whereas other cysts, particularly those isolated in 
the posterior lobe, had merely a fragment of an epithelial lining to 
prevent the colloid from escaping into the surrounding neuroglia 
tissue. In fact, it was quite common to find colloid adjoining many 
of the basophilic cell masses which invaded the posterior lobe. 

It was also noticed that the younger the child the more did its hypo- 
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physis reflect its phylogenetic relationship. This observation was 
particularly true of the glandular tissue which formed the posterior 
wall of the hypophyseal cleft. For this gland tissue in the young was 
as a rule a compact mass of relatively undifferentiated cells resembling 
the pars intermedia of the foetus and lower animal forms and gradually 


undergoing differentiation with age. 
LITERATURE AND DISCUSSION 


It is difficult to determine who recognized the glandular element in 
the posterior lobe of the hypophysis first. In 1894, Berkley described 
very accurately the neural lobe of the hypophysis of the dog and 
mouse. His best preparations were from an old dog. From his 
description it cannot be stated definitely whether he saw glandular 
elements as described above or whether he simply noticed the colloid- 
containing cysts of the pars intermedia. His description would lead 
one to think that he observed only the colloid in the pars intermedia, 
although his diagrammatic representation of the posterior lobe illus- 
trates cross-sections of glands which themselves resemble structures 
actually found in the young human hypophysis as noted above. All in 
all, it seems doubtful that Berkley saw the glands and gland elements 
as now recognized in the posterior lobe. Certainly his diagram does 
not agree in any particular with the photograph of the pars intermedia 
of the human as given by Cushing and Goetsch, nor to the textbook 
illustration of Schaffer. 

On the other hand, it is reasonable to believe that Thom in 1901 was 
the first one to call attention to the substitution of posterior lobe tissue 
by anterior lobe material. He believed not only that the anterior 
lobe encroached upon the posterior lobe with advancing years, but 
also that the hypophyseal cleft was thus broken up into small cysts, 
and that in later adult life some of the anterior lobe cells invaded the 
pars nervosa in a cancer-like fashion. Although Schénemann had pre- 
viously published his article on the differentiation of the chromophile 
cells into eosinophiles and cyanophiles, no attempt was made by Thom 
to identify these invading cells more accurately. Apparently Thom 
did not notice the tubular glands in young individuals. 

Two years later Erdheim, in describing the normal and pathological 
histology of the human thyroid, the parathyroid glands and the hypo- 
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physis, stated that in three cases of 50, 53, and 73 years, respectively, 
he noticed that tissue of the anterior lobe of the hypophysis supplanted 
part of the pars nervosa. Because these migrating cells of the an- 
terior lobe were poor in fat he believed that they were relatively young. 
He drew this conclusion from observations of the cells of the anterior 
lobe in which he found more fat with the increasing age of the 
individual. 

In the following year, 1904, while describing hypophyseal duct 
tumors, Erdheim stated that cells of the anterior lobe invaded the 
posterior lobe frequently. He recognized tubular glands which were 
usually situated between the anterior and posterior lobes, but which 
sometimes extended into the posterior lobe and poured secretion into 
spaces which he called Rathke cysts. These g'ands he always found 
in the new-born, of which he had six cases, and occasionally he noticed 
some in theadult. The reason for this discrepancy between young and 
adult forms he attributed to the cystic change which the tubular glands 
underwent. He considered the glands to be salivary in character and 
to form retention cysts which might rupture into the pars nervosa. 
His Text-Figure 3 illustrates these glands very well, particularly in 
that it shows their racemose character. 

Léwenstein in 1907, while studying adenomata of the hypophysis 
noticed a proliferation of cells into the posterior lobe. This ingrowth 
was irregular in character and at times was composed of cells that were 
entirely separate, while at other times it consisted of dense masses. 
These cells were found in practically every adult. The individual 
cells were essentially cubical, measuring from 8 to 9 micra on a side, 
with a nucleus from 5 to 6 micra in diameter, and strongly resembling 
the chief cells. As a rule, the cytoplasm of these cells was free from 
eosinophilic granulation. ‘The proliferation of these cells was rarely 
alveolar, and their suggestive malignancy was evidenced in one in- 
stance when they pierced the capsule of the posterior lobe. In general 
this description by Léwenstein is sufficiently clear to make one believe 
that he saw the same kind of cells described in this article; particularly 
is this true from inspection of his Figure 4. However, the cells 
described by him were cubical, the nucleus was relatively large, and 
besides, they differed also from the cells here described in that they 


were relatively small. It is not the purpose of this article to enter 
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into a discussion of the theory of hypophyseal tumor formation; 
however, it is easily understood that Lowenstein considered these 
glandular structures as sources of pituitary adenomata. 

Another description of gland cells in the posterior lobe was given 
by Herring in 1908 as part of his excellent studies on the pituitary 
gland. He noticed in histological preparations of the hypophysisof 
the cat that epithelial cells accompanied the blood vessels into the pos- 
terior lobe; particularly was this true at the neck of the infundibulum 
and at the posterior reflection of the epithelium. Frequently strands 
of cells which retained this connection with their epithelial investment, 
as well as islets of similar cells, were found at variable distances in the 
lobe. These islets varied in size from a few cells to twenty or more and 
stained in a manner similar to that of the cells of the epithelial cover- 
ing. It must be pointed out that the islets which Herring described, 


particularly since some contained only a few cells, were probably 


individual groups of basophiles, and not the typical glands as described 
above for the younger forms. 

Unfortunately, Herring did not illustrate these cells in his article, 
and if we are permitted to use the illustrations from another report, 
namely, ‘The Effects of Thyroidectomy upon the Mammalian Pitui- 
tary. Preliminary Note,’’ in which dogs were used, it will be seen 
that the cells which he illustrated in Figure 3, Plate 2, as being part of 
the pars intermedia and invading the nervous tissue of the neck of the 
posterior lobe are really the ordinary invaginations of the small epithe- 
lial cells lining the anterior portion of the posterior lobe, and are not 
the basophiles as described above. Although these gland cells de- 
scribed by Herring and whose presence was subsequently noticed and 
confirmed by Halliburton, Candler and Sikes, bear some resemblance 
to the tubular glands, their glandular character is not very marked, 
and furthermore, invasive characteristics are absent. However, it 
is probable that Herring also saw the true basophiles coming from 
the pars intermedia and invading the posterior lobe, but his descrip- 
tions are not altogether clear on this point. 

That the cells invading the posterior lobe of the human were baso- 
philic and resembled the basophiles of the anterior lobe was reported 
by Lucien in 1909, in a brief communication in which he pointed out 
the carcinomatous-like character of the ingrowth. Two years later he 
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published another short article in which he stated that the basophilic 
cells entering the pars nervosa increased in number with advancing 
years, particularly in arteriosclerosis, and that these cells hypertro- 
phied and became hyperplastic. From his brief descriptions it is 
obvious that the author was interested entirely in the hypophysis of 
adults and that he did not notice the tubular glands in the posterior 
lobe in children. In all probability he saw the basophiles as here 
described, and he deserves the credit for having identified these cells 
more accurately. Lucien also pointed out that these cells were pres- 
ent in large numbers following chronic infections, and he also thought 
it possible that the cells might be stimulated to invade the posterior 
lobe. However, no evidence was presented to support these views. 

Erdheim and Stumme, in 1909, stated, in conjunction with their 
classical paper on the hypophyseal changes in pregnancy, that it is 
common to find an ingrowth of basophiles into the posterior lobe, 
particularly in adults. They differed from Léwenstein in regard to 
the nature of the invading basophile cells since they believed that 
these masses were herniated basophiles rather than modified chief cells. 

It is a little surprising to notice that Trautmann in his description, 
published in 1909, of the histological structure of the hypophysis in 
many of the domestic animals, was unable to find much evidence for 
glandular elements in the posterior lobe. 

In the same year Kohn, while studying the pigment in the neural 
portion of the hypophysis in man, saw basophilic cells which appar- 
ently had wandered into the posterior lobe. He stated that the 
neurohypophysis of cattle had many mast cells which appeared only 
occasionally in man. In one of his illustrations he incidentally 
depicted cells in the posterior lobe which resembled the basophiles 
described above. 

A photographic reproduction showing the invasion of the pars 
nervosa by cells of the pars intermedia is found in an article by Cush- 
ing and Goetsch in which they adduced evidence for the view that the 
internal secretion of the posterior lobe passes into the third ventricle 
before being eventually taken up by the blood stream. The material 
was from a case of acromegaly, and showed the “unaltered cells of the 
pars intermedia” invading the posterior lobe to a slight degree. 
Unfortunately, the magnification of this illustration is not sufficiently 
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high to permit a study of these individual cells which suggest in some 
particulars the young basophiles as described above. However, it 
seems certain that they were not the fully developed, large basophiles 
which are described in this article, and they differ from these further- 
more in that they stream “upward to the infundibular cavity.” 
These authors also noted that the invading cells at times formed acini 
or tubules and contained colloid; at other times they wandered in as 
individual cells. Apparently their material did not show these gland 
cells in the posterior portion of the neural lobe, nor did they observe 
the tubulo-racemose type of gland in young individuals. 

Stumpf, in 1911, in describing the histology of the posterior lobe in 
the human again pointed out that cells from the anterior lobe invaded 
the posterior lobe, and that sometimes finger-like processes of gland 
cells, after partly encircling the pars nervosa, would penetrate this 
lobe to variable distances. These glandular cells were usually baso- 
philes, although an occasional acidophile was seen. As far as the 
gland cells are concerned, this article is virtually a confirmation of the 
work of Kohn. 

In the same year Bevacqua described very well the histological 
picture in a single autopsy specimen of the hypophysis in a six-year-old 
boy. In the posterior lobe near the hypophyseal cleft he noticed 
typical tubular glands which were in groups, completely isolated in 
the nerve tissue, composed of cylindrical cells with acidophilic proto- 
plasm, and having an occasional small amount of colloid in the lumen. 
His description coincides very well with the one given in this article. 
Since Bevacqua did not have serial sections at his disposal it was 
obviously impossible for him to trace the connection of these isolated 
tubular glands with the hypophyseal cleft; but that these glands 
might arise from invaginations of the lining of the cleft is illustrated 
by his Figure 4. Apparently he did not notice any individual baso- 
phile cells in the posterior lobe. That he did not find similar glandular 
structures in the hypophysis of eighty soldiers was probably due to the 
fact that the tubular glands are present mainly in the young, and this 
observation supports the view advanced here that in the young the 
glandular elements are tubular, and that they change gradually to 
isolated gland cells, chiefly basophiles, with advancing years. Since 
in our series no tubular glands were found after four years, it is in- 
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teresting to note that the specimen of Bevacqua came from a six-year- 
old boy. Obviously, there is no constant age incidence or distribution 
for these glands. 

From a study of 105 human hypophyses Télken, in 1912, claimed to 
have found in 50 of these cases an invasion of the posterior lobe by 
basophiles, with a few individual eosinophiles in only 2 instances. 
In very young individuals he found that the epithelial lining of the 
hypophyseal cleft invaginated, became pinched off and formed small 
follicles with cylindrical epithelium and poorly staining protoplasm. 
The proliferation of basophiles into the posterior lobe took place from 
the third decade on, with the greatest incidence after 70 years, al- 
though he had good examples in cases of 18 and 22 years, respectively. 
In short, he believed that the pars intermedia was the source of the 
glandular invasion of the posterior lobe, and he supported his conclu- 
sion with the following arguments: (1) the cell invasion was isolated 
and almost always where colloid cysts or epithelial follicles were 
present; (2) where the basophilic cell proliferation was very marked 
the boundary between the anterior and posterior lobes was replaced 
by this type of cell; (3) since in some instances the base of an invading 
wedge of basophilic cells was in contact with only eosinophiles in the 
anterior lobe, it is easier to believe that the basophiles arose from 
the cells in the pars intermedia, rather than that they represented 
transformed eosinophiles; and finally, (4) the basophiles in the pos- 
terior lobe were poor in fat globules which was considered by Erdheim 
an index of their youth; and according to Neubert the absence of 
glycogen may be taken as a sign of embryonal cell metabolism. 

The relatively low incidence, 48 per cent, which Télken found in his 
series was probably due to the fact that he did not make complete 
serial sections. His view regarding the formation of the basophiles 
from the pars intermedia agrees with the views expressed in this paper 
except that it is believed here that the basophiles may be derived not 
only directly from the more primitive cells of this region but also 
secondarily from the tubular glands and their subsequent cyst-like 
modification. 

In 1913 Stendell again called attention to the cells which had wan- 
dered into the posterior lobe and to which he attributed the pigment 
formation in that lobe either as the direct remains of those cells or as 
one of their products. 
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Priesel in 1922 noted, in babies, nests of cells rich in cytoplasm visible 
to the unaided eye, in the pars nervosa and along the infundibular 
stalk. These masses were composed of either spindle or epithelioid 
cells with transition forms and were considered by the author as mal- 
formations of tissue genetically related to the neurohypophysis and 
analogous to the squamous-cell masses of the hypophyseal stalk. 
From the description it is very doubtful that these cells were baso- 
philes, and attention is directed to them because, apparently, they 
were not described before. 

Mention must also be made of the work of Celestino da Costa on the 
glandular function of the posterior lobe, who noted a train of cells 
which entered the neural lobe from the pars intermedia. However, 
since he was more interested in the colloid of the posterior lobe, the 
gland cells came in for secondary consideration. 

In an article published in 1922 in which the importance of the pars 
intermedia was belittled because of its variability and decrease in size 
with age, Plaut pointed out that the invasion of the posterior lobe by 
epithelial elements and the isolated and apparently independent exis- 
tence of some of these cells was such a unique state of affairs that its 
only counterpart was the implantation of the ovum. Certainly it is 
one of the striking characteristics of these basophilic cells that they 
may be completely detached from their central column, have the same 
size and staining reaction as any other invading basophile, and yet 
show no sign of growth or regression. 

Finally Dieckmann, in 1924, published a short article on the glandu- 
lar elements in the neurohypophysis of man in which he, like Télken, 
also found these gland cells in about 50 per cent of the 64 glands 
examined. But in contradistinction to Télken, he noticed these 
glands mainly in babies who were less than one year old. He divided 
these glandular elements of the young into two classes, first, into 
individual cells, and secondly, into tubular glands, believing that the 
septa and capillaries of the posterior lobe acted as a passive mechanism 
for the transport of these cells into this lobe. As opposed to Erdheim, 
he noticed fat vacuoles in the posterior lobe basophiles. One photo- 
graphic illustration represented a few basophiles near such septa. 
Dieckmann furthermore advanced the suggestion that the glandular 
cells subsequently lost their membrana propria and thus remained 
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isolated in the glia meshes. As regards the fate of these cells, he 
believed that they answered the four possibilities of all embryonal 
heterotopic tissues described by Lubarsch in that they (1) may die; 
(2) may remain at an embryonic level as is indicated by the young 
agranular indifferent type of cells of the pars intermedia; (3) develop 
synchronously with the surrounding tissues and form adult forms such 
as basophilic, and occasionally eosinophilic cells, and finally (4) may 
be the nucleus for the development of new growths. 

The fact that Dieckmann, like Télken, found these glandular ele- 
ments in only 50 per cent of the cases was probably again due to the 
circumstance that he did not have complete serial sections for study. 
In the entire span of years from 1 to 70 he found glandular elements 
in only 16 of the 41 cases, i.e. 39 per cent. His division of the gland 
elements is quite satisfactory, except that the more primitive undiffer- 
entiated pars intermedia cells may enter the posterior lobe also. 
Apparently he did not consider that there existed any relationship 
between the tubular glands in the young and the basophiles, and it is 
evident that he did not believe that cells from the anterior lobeinvaded 
the posterior lobe as such, but that the glandular elements represented 
structures which had no direct connection with the anterior lobe as a 
source of origin. 

To what extent the presence of these glandular elements is generally 
known may be gathered from an examination of the current textbooks 
in histology. Schaffer, in his textbook of histology, gives an excellent 
representation of the invasive nature of the glandular elements into the 
posterior lobe. Examination of his text-book Figure 403 shows that 
some of the cells lining a bit of the hypophyseal cleft in a man of 45 years 
are apparently basophiles, and resemble the cells shown in Figure 6 
of this article. The other textbook to mention these cells is the 
Textbook of Microscopic Anatomy written by E. A. Schifer, as part 
of Quain’s Anatomy. The histological aspect of this description is 
based entirely on the work of Herring mentioned above, and makes 
no mention of the tubular glands in the young. 

As regards the histological nature of the glandular cells, distinction 
must at once be drawn between those cells which compose the glands 
in the young, and the basophiles of the adult. Concerning the former 
cells, it may be said that they represent typical glands as described 
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above, and that they secrete a colloid material which is passed directly 
through the ducts into the hypophyseal cleft or into cystic divisions 
of this space. Since these glands are found only in the young, and 
since their disappearance occurs part passu with the disappearance of 
the cleft and the formation of the cysts, it is reasonable to suppose 
that these cysts represent a secondary stage in the life of the tubular 
glands. The small size of these tubular gland cells and their in- 
different staining reaction indicate their primitive nature and suggest 
that they may be the forerunners of another glandular form. 

Attention must again be directed to the possible confusion of these 
true tubular glands with the frequent and superficial invaginations of 
the posterior lining of the hypophyseal cleft. In the latter instance 
the cells of the invaginations are smaller and more cuboidal than the 
cells of the glands, and they give the general appearance of being 
lining rather than secreting cells. Bevacqua represented such invagi- 
nations as being continuous with the true tubular glands, but his mate- 
rial was not sufficient to show a possible complete transition. His text- 
book Figure 4 is quite suggestive of such a condition but not conclusive. 
In our cases the tubular glands communicated with the cleft usually 
by means of a single duct, and not through broad invaginations or 
diverticula. Furthermore, a study of the serial sections in which true 
tubular glands were found showed that it was quite common to find 
diverticula and invaginations of the posterior lining of the cleft with- 
out any connection at all with the true tubular glands. It is also 
possible that some of the cells of the pars intermedia which Herring 
described as invading the nervous tissue of the posterior lobe and 
illustrated as his Figure 2 in his preliminary note on the effects of 
thyroidectomy upon the mammalian pituitary gland were simply 
these diverticula of the posterior wall of the cleft. 

The other type of glandular element is the large oval basophilic 
cell which is found in the young but chiefly in the adult. Usually 
this cell has been considered to be identical with the basophile of the 
anterior lobe, and recently Biedermann has again pointed out this 
similarity. Since both cells are derived from the same primordium, 
a marked differentiation need not take place. 

Plaut has directed attention to the absolutely isolated position 
which some of these cells have in the pars nervosa; and it is difficult 
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to think of any organ in the body where epithelial cells are similarly 
cut off from their kind. The independent existence of some of these 
cells is not reflected in their size, shape or staining reaction. They 
are by no means always near a blood capillary as might be inferred 
from a reading of Dieckmann’s article, and it is plain that all metabolic 
processes associated with their activities must depend to a considerable 
degree upon the neuroglia-tissue spaces as an avenue of transport. 
As pointed out above, around some of these groups of basophiles the 
ordinary structure of the pars nervosa appears disrupted and oedema- 
tous as if a secretion had been poured into it. Several explanations 
may be ventured to account for this condition. One would be that 
the basophiles lined a cyst which ruptured and poured its material 
into the surrounding tissues. A less likely explanation would be that 
the activity of these cells caused such a change in the adjoining tissue. 
It is more reasonable to believe that the basophilic cells actually 
secreted material which took part in the production of this oedematous 
appearance. It was certainly quite common to find bits of colloid 
about these cells. Granted that these cells liberate a secretion, it is 
possible that this material be taken up in three ways: (1) directly 
into the nearest blood capillary, which is not unlikely: (2) through 
successive tissue spaces to the stalk, up the central portion of the 
stalk and into the third ventricle (alone, the length of this path would 
make this way seem unlikely) and (3) indirectly by the blood-vessels 
after the secretion has found its way along basophilic cells to the 
hypophyseal cleft region of the pars intermedia. Serial sections of 
adult hypophyses failed to show a definite collecting system in the 
basophilic column, although small cysts were not infrequent. 
Attention must now be invited to the recent article of Erdheim on 
the hypophyseal-duct tumors in which the presence of the entire pars 
intermedia in man is denied. He based his arguments on the ground 
that in lower animals a pars intermedia is certainly present, but no 
homologous structure can be found in the human. According to him, 
the Rathke cysts are simply pinched off bits of the earlier hypophy- 
seal cleft and therefore represent a form not of the true pars inter- 
media, but of the hypophyseal duct. The tubular mucous glands, 
which project into the posterior lobe of the new-born, and resemble 
the salivary glands to a high degree, are believed to undergo a regres- 
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sive change. They do not represent the true glandular pars inter- 
media of lower animals. In the foetus the posterior portion of the 
cyst wall may be composed of several layers of epithelial cells; but 
since these cells have not become fully differentiated, they cannot be 
spoken of as the pars intermedia. The Rathke cysts may be lined 
variously, with a single or a double layer, with cylindrical cells in an 
orderly fashion, with undifferentiated cells, with ciliated epithelium, 
or with eosinophiles and basophiles. The contents of these cysts may 
have a variable staining reaction, thus again showing their rudimen- 
tary nature, and the cysts themselves may undergo the same cyclic 
changes in pregnancy as do the cells of the anterior lobe. Finally, 
Erdheim stated that it is fundamentally wrong to consider Rathke 
cysts as the pars intermedia. 

This view of Erdheim cannot be dismissed lightly. However, it 
seems that although the human hypophysis from birth to old age does 
not always show a collection or a grouping of cells which corresponds 
to the pars intermedia of lower mammals, there are nevertheless cer- 
tain glandular characteristics of the region separating the anterior 
from the posterior lobe which mark it off from these two lobes. 
Briefly, this distinction shows itself in the young as well as in the old. 
In the young there are definite tubular glands, salivary in structure, 
which are in connection with the hypophyseal cleft and extend into 
the posterior lobe. These are definite structures, which have no coun- 
terpart in the anterior or posterior lobes, and are, therefore, separate 
and distinct. In the adult there are columns and masses of basophilic 
cells which extend generally from the region of Rathke’s cysts to 
varying degrees of depth into the posterior lobe. These cells individ- 
ually resemble the basophiles of the anterior lobe to a great degree; 
but that these two cells must be identical, does not necessarily follow. 
The recent investigation of Biedermann are to a great extent confirma- 
tory of this identity. However, a careful and critical comparison of 
these two cells with the aid possibly of special stains for mitochondria 
and the Golgi apparatus has apparently not yet been made. One 
obvious feature of many of the basophilic cells in the posterior lobe as 
observed in this series was the large number of nuclei. Two were 
seen very frequently, and at times as many as five. These multinu- 
cleated cells were not restricted to young individuals. The oldest 
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gland in the series, from an individual 73 years of age, showed numer- 
ous double nuclei. The basophilic cells of the anterior lobe have usually 
been described as not having so many nuclei. Dismissing the scant 
number of cells in which a large number of eosinophilic granules were 
found, it may be safely said that these groups of basophilic cells also 
have no counterpart in the anterior or posterior lobes. In short, 
then, there are glandular elements situated between the anterior and 
posterior lobe, and differing from these. Why deny them the separate 
classification of pars intermedia? 

Again, Erdheim stated that any glandular elements in the posterior 
lobe were simply the migration of anterior lobe cells. On this basis 
one would expect to find eosinophiles and basophiles in about the 
same proportion as they exist ordinarily in the anterior lobe near the 
cleft or near the structures subsequently developed from the cleft. 
However, the majority of the invading cells are basophilic, and when 
it is remembered that these cells are relatively few in number in the 
anterior lobe, then the formation of solid columns of such cells in the 
posterior lobe can in no way be construed as being typical of the 
anterior lobe; and such a formation must accordingly be viewed in the 
light of a structure per se. It may be well to call attention to a 
sentence written by Dean Lewis in 1910. “These cells (invading the 
posterior lobe) are not to be regarded as invasions from the anterior 
lobe but as distinct cellular elements of the hypophysis, forming what 
has been called by Herring the pars intermedia.” This statement 
holds good today. 

Having then two different types of glandular tissue, one in the young 
and the other in the adult, the question naturally arises whether there 
is any connection or transition between these two forms. Although a 
carefully graded series of such a transition has not been found in this 
series, yet there is some evidence which might lead one to believe that 
some of the basophilic elements in the posterior lobe might have had 
their origin from the tubular glands of the young. One can conceive 
that as the hypophyseal cleft becomes divided into the various Rathke 
cysts, some of the tubular glands and particularly their ducts also 
become pinched off and cysts and dilated ducts of various sizes are 
found (Figures 7, 10, 11, 12, 13). Then a differentiation of the lining 
epithelium may take place and basophilic cells develop (Fig. 13). 
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Kasche has pointed out this propensity. Subsequently, this baso- 
philic proliferation may extend to such a degree that this type of cell 
alone may line a cyst (Fig. 14), and similar cells be found near such 
ducts or cysts (Figs. 11, 13). Later the cysts may become less in 
number and size, while the basophilic cell masses increase cor- 
respondingly. 

Whether all of these basophilic cells are derived from the more 
primitive cuboidal cell of the cysts and ducts or whether they may 
increase their number by an amitotic division cannot be stated. No 
mitotic figures were seen, but basophilic cells with two nuclei were not 
uncommon. In view of the fact that there is a relative increase in the 
basophilic cells with advancing years, and at the same time a decrease 
in the true glandular structures, and that these cells frequently have 
several nuclei, it is reasonable to assume that the basophiles may 
multiply by amitotic division. 

Another point in favor of the separate origin of the basophiles of 
the posterior lobe from differentiated cells of the pars intermedia is 
possibly afforded by the presence of these cells in conjunction with the 
squamous epithelial cells of the hypophyseal duct as described again 
recently by Kiyono. Whether there is any possibility of basophiles 
developing from these potentially active epithelial cells cannot, of 
course, be stated. But in view of the absence of other lobe elements, 
it is reasonable to consider the basophiles as well as the epithelial 
cells as directly developed from the early pars intermedia, and as such 
representing the pars intermedia in the adult. 

It is believed that these basophile cells are a normal and constant 
constituent of the pars nervosa, and that they must not be considered 
in the light of heterotopic tissue. That Télken and Dieckmann did 
not find the cells more often than in 50 per cent of their cases was 
probably due to the fact that they did not have complete serial sections 
at their disposal. 

It is not the purpose of this paper to enter into the physiological 
phases of the hypophysis, but in view of the constancy of the represen- 
tation of glandular elements in the posterior lobe it is necessary to call 
attention again to the conclusion of Herring, and of Halliburton, 
Candler and Sikes, that the effect of extracts of the posterior lobe may 
be due to the glandular tissue therein rather than to the neuroglia and 
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nerve tissue itself. Lewis and his associates have definitely traced 
the earliest appearance of a pressor substance in the hypophysis, and 
they have brought evidence for the view that the internal secretion of 
the gland does not necessarily enter the blood stream by way of the 
hypophyseal stalk and the third ventricle. Atwell has recently 
pointed out the relationship between the pars tuberalis and diabetes 
insipidus. An excellent review of the entire physiology of the hypo- 
physis has recently been published by Geiling. 





Fic. 18. X 11. From the hypophysis of a man 29 years of age to emphasize 
the presence of even small amounts of basophilic cells at a and 6. Unless extracts 
of the posterior lobe are controlled histologically, the glandular elements instead of 
the neuroglia and nerve tissue may be responsible for any physiological reactions. 


Finally, Figure 18 is presented in order to emphasize the uncertainty 
of knowing what kind of tissue may be involved in an extract of the 
posterior lobe of the human hypophysis, and thus to call attention 
again to one of the great pitfalls, which has hampered much of the 
work on posterior lobe extracts. This figure is taken from the hypo- 
physis of a man 29 years of age, and shows a section through the 
largest part of the posterior lobe; a small section of the anterior lobe 
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is also shown. A superficial examination might fail to reveal any 
glandular tissue in this section, but at 6 there is a definite island of 
basophiles, and at a there is another but smaller group of these cells. 
Accordingly, any extract made from material of such a section would 
contain that from glandular elements and therefore vitiate any conclu- 
sions which might have held that the extract was derived entirely 
from neuroglia and nerve tissue. 


SUMMARY 


From a study of complete serial sections of 30 human hypophyses 
varying in age from birth to 73 years, as well as from the examination 
of many other individual sections, glandular tissue was found at all 
ages in the posterior lobe. 

In the new-born and in very young children tubulo-racemose glands, 
comriunicating with the hypophyseal cleft, were frequently present 
to a marked degree until the fourth year. After that time only occa- 
sional tubular glands were seen. These tubular glands were usually 
situated in the anterior and lateral portions of the posterior lobe, as 
well as at the point of attachment of the hypophyseal stalk. In these 
gland cells was seen colloid material which stained like the substance 
found in the duct, cyst or cleft into which the gland emptied. 

The other chief glandular element was a basophilic cell which re- 
sembled the basophile of the anterior lobe in many particulars. This 
cell was present at all ages, but became more numerous, and invaded 
the posterior lobe progressively with increasing age. Masses of these 
basophilic cells were sometimes found high up along the hypophyseal 
stalk and near the dorsum sellae. Individual basophilic cells were 
frequently seen as part of the lining of ducts and cysts. 

There was no constancy in age incidence or position for any of these 
glandular elements which deserve to be included under the term pars 
intermedia. A brief discussion of the relation of these glandular 
structures to each other and to the physiology of the posterior lobe is 
given. 

It is a pleasure to thank Mr. Brédel for the excellent drawings. 
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CEREBRAL CICATRIX 


THe REACTION OF NEUROGLIA AND MICROGLIA TO BRAIN Wounps!.? 
P. DEL RIO-HORTEGA anp WILDER PENFIELD 


The appearance of neuroglia astrocytes serves as a delicate indicator 
of the action of noxious influences upon the central nervous system, 
and an understanding of the stages in the reaction of these cells is 
therefore of prime importance. Brain wounds provide the simplest 
and most easily controlled means of studying such changes especially 
as certain recent methods demonstrate the reacting cells with great 
clearness. Satisfactory results from such a study have been difficult 
in the past because of the many unsettled disputes with regard to the 
normal structure and organization of these cells, and owing also to the 
inconstancy and lack of selectivity of the staining methods employed. 


LITERATURE 


A point of considerable discussion has been the contention of Weigert 
(49) that the fibers of Ranvier were intercellular and divorced from 
individual neuroglia cells. It was early recognized that there were two 
types of neuroglia—protoplasmic and fibrous—as first pointed out by 
Kdllicker (38) and Andriezen (11). But the existence normally of 
complete separation between the fibers of Ranvier-Weigert and the 
glial cell was combated from the beginning by Robertson (46) and 
many others, especially those who used Golgi’s method. The work of 
Achiacarro (1, 2) and Cajal (16) demonstrated clearly that these fibers 
are not normally emancipated from the cell protoplasm. 

Weigert ’s work had however served to point out clearly the chemical 
differentiation of cytoplasm and fiber. Da Fano (19) and Del Rio- 
Hortega (28) showed that the glia fibrils developed in the protoplasmic 
expansions and reached the cell body secondarily. 


‘From the Laboratorio de Histopatologié de la Junta para ampliacion de 
Estudios, Instituto Cajal, Madrid. 

® Received for publication August 13, 1927. 
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Further dispute followed the description by Held (37) of what he 
considered to be a syncytium associated with neuroglia cells. This 
syncytium was likewise said to be intercellular and continuous with 
the Fiillnetz of Bethe and was even said to be continued into the nerve 
cells as the Golgi Apparatus. It could not therefore be considered 
neuroglia cytoplasm but would have to be a special intercellular sub- 
stance. Held later described a ‘‘membrana neurogliae superficialis”’ 
and ‘‘perivascularis,” which was said to insulate the nervous tissue 
and prevent the passage through it of any mesodermal element. 

This syncytium of Held and Hardesty was endorsed more or less 
completely by many workers. Alzheimer, although he went so far 
with Held as to believe in the connection of syncytium with the Golgi 
Apparatus, seemed to feel certain misgivings, for he observed that the 
syncytium never stained distinctly, and with Golgi’s method not at 
all. On the other hand, neuroglia fibers could be stained intensely 
without showing any connections with other cells. He also believed 
that, in pathological conditions at least, neuroglia cells were not a part 
of a syncytium. 

That the Golgi Apparatus has no direct external communications 
seems evident (Cajal (18), Penfield (43)). The gold chloride sublimate 
method of Cajal (15), which shows neuroglia cytoplasm very clearly, 
gives no evidence of a syncytium. The same negative result is ob- 
tained with the complete methods of Achiicarro (6) and Del Rio- 
Hortega (21). Cajal (16) as well as Achicarro pointed out that the 
ends of the expansions of pathological neuroglia cells may be seen 
clearly, also that autolysis often singles out individual cells (as pointed 
out by Alzheimer), making a syncytium appear impossible. Del Rio- 
Hortega (31), in his researches on mitochondria and specific granules 
of the glia cells objected to the existence of the syncytium. In his 
study of the perivascular neuroglia cells (32) he demonstrated that 
this type of astrocyte clearly. does not participate in the diffuse plexus 
of Held. The terminal processes of these cells could be clearly dis- 
tinguished. 

Alzheimer (8), although consenting to the syncytium, believed that 
under pathological conditions certain neuroglia cells left it and were 
transformed into what he chose to call amoeboid glia cells which could 
act as Abbauszellen, to clear away the products of cerebral destruction. 
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This amoeboid change is an acute one and is characterized by the 
progressive loss of expansions and by the appearance of granules in the 
cytoplasm. It has been frequently urged that these granules are 
evidence of degeneration rather than phyagocytosis, and Alzheimer 
agreed that detritus and granules might be degenerative products in 
certain cases and that hypertrophied neuroglia was not phagocytic 
(10). Bonome (13), Da Fano (20) and others described what they 
felt to be a transition from neuroglia to phagocytic Gitlerzellen. 

Cajal, on the other hand, showed that autolytic or post-mortem 
changes take place with surprising rapidity and produce swelling of 
cell body and fragmentation of neuroglia expansions. This process 
he called clasmatodendrosis. Buscaino (14) showed “amoeboid” cells 
could be produced by autolysis or by acid or alkaline injections, and 
he concluded that this change was produced in neuroglia by a loss of 
equilibrium between the intercellular colloid and the surrounding fluid. 
Walter (48) worked along similar lines, urging that Alzheimer’s amoe- 
boid glia was a product of clasmatodendrosis but that localized areas of 
such change might appear im vivo as the result of local necrosis. Ure- 
chia (47) failed to produce this change by experimental ligation of 
arteries or veins supplying the head and by injection of solutions. 
He concluded that some agonal or post-mortem condition wasrespon- 
sible for the change. Ziveri (51) concluded that neuroglia inclusions 
were degenerative like similar inclusions in nerve cells. Wohlwill (50), 
in a careful analysis, believed cerebral oedema produced amoeboid 
glia and distinguished two types of cell with different types of granules. 
One type of cell appears post mortem chiefly and the other during life 

Del Rio-Hortega (27) pointed out that some ‘‘amoeboid” glia cells 
are certainly the product of degenerative change during life, while at 
other times the change is cadaveric, and also that the fragments pro- 
duced by clasmatodendrosis are the same as Alzheimer’s Fiillkérper- 
chen. About areas of acute inflammation or injury he found an outer 
zone of neuroglia hypertrophy, an intermediate zone of fragmentation 
and an inner zone where amoeboid glia cells appeared. 

Del Rio-Hortega (22, 23) further showed that Gitterzellen or com- 
pound granular corpuscles arose from microglia and that these meso- 
dermal cells provided the various forms of mobile phagocytes present 
in every area of cerebral destruction and in many pathological proc- 
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esses. This was borne out by Metz and Spatz (40), who studied 
general paralysis and found that all of the phagocyted iron present 
was contained in microglia and the fixed cells of vascular adventitia. 

Del Rio-Hortega (34) studied the function of microglia cells in 
experimental cerebral wounds of cats. He demonstrated that 12 
hours after brain puncture microglia began to change about the 
wounds, showing amoeboid and rounded forms. After 24 hours there 
were, of course, typical compound granular corpuscles in the wounds. 
Alberca (7) also confirmed the rapid change of microglia in the ex- 
perimental wounds of the spinal cord. 

Penfield (45) showed that in gliomas there was no evidence of 
phagocytic activity on the part of the large neuroglia cells which were 
losing their expansions but that, on the other hand, the fragmenting 
expansions of these cells were surrounded by amoeboid microglia. 
Recently the microglia has been studied by numerous authors (Wink- 
ler-Junius, L6pez Enriquez, Marchesani, Polderman, Struwe, Schaffer, 
Bergmann, Pruijs), who confirm the point of view that microglia cells 
are macrophages which can assume the greatest variety of form. 

The amoeboid changes of neuroglia are regressive. Quite different 
in nature is the response of neuroglia astrocytes to pathological condi- 
tions which do not destroy them. Overgrowth of neuroglia was con- 
sidered by Weigert to be the invariable result of a lesion of the central 
nervous system. ‘That is, disappearance of nervous tissue, he believed, 
resulted invariably in neuroglia replacement. That this rule does not 
hold invariably was pointed out by Alzheimer (9), but gliosis, if not 
invariable, is at least usual. 

Multiplication of neuroglia was shown by Cajal (16) and Del Rio- 
Hortega (26) to be amitotic. After division the nuclei remain close 
together in pairs or fours while the neuroglia expansions produce what 
Nissl had called Gliarasen or turf. The proximity of these newly 
formed cells was taken by Cajal to prove that neuroglia cell bodies 
do not move although the expansions may be contractile. 

Studying areas of cerebral softening (26) Del Rio-Hortega found 
that the neuroglia cell bodies of the vicinity swelled, became angular 
and finely granular or vacuolized; the nucleus became spherical and 
pale and the expansions hypertrophied and tortuous. This tortuos- 
ity he found so marked as to produce spirals near a wound made in 
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a dog’s brain. In the reaction to softening the vascular footplates of 
the expansions (¢rompes of Achicarro) became thickened. The small 
clubs and ring forms, found in such areas, he believed to be partially 
due to retraction of footplates from thrombosed vessels, while others 
might be due to the fact that some expansions grow too rapidly and 
leave their nourishment behind. 

Blood-vessel changes after wounds of the brain have received some 
attention. Cerletti (see Achticarro, 3) showed that vessel destruction 
both in a local scar and in diffuse diseases was characterized by en- 
dothelial changes in the smaller vessels and adventitial changes, with 
production of new fibers, in large vessels. Achtcarro reported that 
connective tissue was formed about areas of softening, and Beriel (12) 
that connective tissue enters superficial wounds of the brain. 

Da Fano studied experimental brain wounds and found they were 
first filled with connective tissue followed later by a neuroglia increase 
and a resultant interlacement of fibers. Farrar (35), in a detailed but 
rather uncritical experimental study, found implanted foreign bodies 
to be surrounded by new fibroblasts at the end of the third day, and 
reported that neuroglia division had begun by that time. He felt this 
multiplication was taking place by mitosis, but some of his illustra- 
tions suggest that he may have been referring to granular corpuscles. 

Penfield (42) showed experimentally that after a simple stab wound, 
connective tissue filled the area and soon formed a resistant core 
attached to the meninges. This core could be withdrawn like a 
thread from the tract by lifting meninges from brain. Histologically, 
there was interlacement of neuroglia with the connective tissue of the 
core. Thus neuroglia astrocytes are subject to two common changes, 
(A) a degenerative one resulting in the amoeboid change or clasmato- 
dendrosis and, (B) a reactionary change, gliosis. There are of course 
other changes which result in the production of giant neuroglia and 
bizarre shapes. These forms seem to be chiefly the result of chronic 
degenerative conditions.’ 


3 What is possibly a different type of change has been noted in neuroglia astro- 
cytes by Del Rio-Hortega (29) and Achicarro (5) after the injection of glandular 
extracts. These changes possibly bear out the suggestion made by Nageotte 
(41), Mawas (39), Fieandt (36), Achicarro (4) and Rio-Hortega (31) that the 
neuroglia astrocyte is in reality a gland of internal secretion. 
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TECHNIQUE 


The simplest type of wound was used first to study gliosis. In 28 
rabbits, puncture wounds of the brain were made by tapping a trocar 
through the skull and into the brain. In this way only a very small 
opening was made in the skull and a simple puncture wound in the 
brain. No infections resulted. The animals were sacrificed at inter- 
vals of from 12 hours after operation up to 73 days thereafter 

In addition to this material more extensive wounds were studied. 
These were made in the cerebral hemispheres of dogs after craniotomy.‘ 
The duration of these wounds was up to six months. 

Upon removal the cerebral hemispheres were placed in the formalin- 
ammonium-bromide solution of Cajai. On the second day certain of 
the blocks were cut on the freezing microtome and the sections stained 
by Cajal’s gold chloride sublimate method (15, 17). Some of these 
sections were stained by Del Rio-Hortega’s method for microglia 
(22). Other blocks were left two or three weeks in the fixative at 
a temperature of 40°C. and were then cut and stained for neuroglia 
astrocytes by Del Rio-Hortega’s method (21). The connective tissue 
was studied by means of the method of the same author, using as a 
counterstain the solution of Van Gieson or picro-indigo of Cajal. 


GENERAL CELLULAR REACTION 


In the study of scar formation within the brain, other cells beside the 
astrocytes must be considered. Neurones do not enter into the reaction, 
although they may be injured directly or as a result of interruption of 
their axons. 

The axons do regenerate to a very limited extent, as Cajal pointed out, 
and Del Rio-Hortega has seen genuine plexuses of newly formed axons 
about small areas of cerebral softening where vascular and connective 
tissue regeneration was taking place. 

Oligodendroglia cells of Del Rio-Hortega (24, 25, 44), likewise, do not 
seem to enter primarily into the scar formation, but microglia cells (22, 


23) play a primary rdéle in clearing away the products of destruction in 


the wound. 


‘These operations were performed in the Laboratory of the Department of 
Surgery, Columbia University, New York. 
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MICROGLIA 


As early as the first day after an aseptic stab wound of the brain, it 
was found that microglia cells near the lesion had already changed their 
form to that of amoeboid cells. After two days (Fig. 1) there were many 


Fic. 1. Compounp GRANULAR CoRPUSCLE FoRMS OF MICROGLIA AT THI 
BORDER OF A STAB WounpD (7) MADE IN THE RABBIT’s BRAIN 
2 Days PREVIOUSLY 


Silver Carbonate Microglia Method 


microglia cells about the lesion with a predominance of the amoeboid 
and rounded forms. In the early days after the stab, all transitions, 
from the ramified spiderlike microglia cells of the normal cerebrum to 
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compound granular corpuscles, could be seen in a zone about the wound 


Figs. 1 and 2). Mitotic division of these granular corpuscles at the 
wound margin was seen also as early as the third day. 

In some large wounds, 10 to 20 days old, all the central area is filled 

with scattered granular forms of microglia. Figure 3 is from a wound of 


Fic. 2. Same CASE As Ficure 1, HIGHER POWER 
Farther from the tract (7) there were seen transition stages between the branch- 
ing form and this amoeboid form of microglia. Silver Carbonate Microglia 
Method. 


12 days’ standing, where it is evident that the lesion is sharply outlined. 
Within the area microglia cells are very numerous. At the borders of 
the lesion they are also numerous and seem to form here in places a 
definite barrier. 
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In wounds of longer duration there were still to be seen rounded micro- 
glia cells in the central part, but the separation from normal tissue was 
less sharp. Spider-like forms of microglia cells were already seen nearer 
the wound (Fig. 4). In older scars, for example, on the fifty-second 
day after a small stab wound had been made in a rabbit ’s brain, micro- 
glia cells with expansions almost as complicated as those present in the 
normal cortex were found (Fig. 5). As long as there were products of 
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Fic. 3. Wounp 10 Days AFTER THE STAB HAD BEEN MADE IN THE 
BRAIN OF A RABBIT 
The compound granular corpuscles at the border are numerous and in part 
sharply define the tract. Silver Carbonate Microglia Method. 


destruction to be cleared away, compound granular corpuscles were pres- 
ent. As soon as these products had disappeared, the ramified micro- 
glia cells again made their appearance and were found in the scar itself. 


NEUROGLIA 


Swelling. Six hours after a stab wound is made, the tract is found to 
be filled with blood. At the end of 24 hours, it can be seen that 
the astrocytes close to the margin of the blood clot have become irregu- 
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larly swollen. The expansions which can be seen are fat and the cyto- 
plasm itself seems granular. 

At three days, the zone about the wound in which there are altered 
astrocytes has increased in width. Close to the center of the stab are to 
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Fic. 4. PHacocytic MiIcroGLiA CELLS ABOUT A WounD Mabe 10 Days 
PREVIOUSLY 
The microglia shows transition stages between the spider-like form and the 
amoeboid form. Silver Carbonate Microglia Method. 


be seen neuroglia cells whose cytoplasm is much swollen and whose ex- 
pansions are fragmented (Fig. 6). They appear to be undergoing a 
process of destruction such as is seen in the amoeboid change of 
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Alzheimer or clasmatodendrosis of Cajal. The fragments of expansions 
(Fiillkér perchen) cluster about the cells from which they have broken off. 
These fragments and the cell bodies are seen to be coarsely granular, 





Fic. 5. BRANCHING MIcROGLIA (./) ON THE BORDER OF A SMALL WouND 
MADE IN THE CEREBRUM OF A RABBIT 52 Days PREVIOUSLY 
The tract (7) has closed; there are no longer phagocytic forms of microglia 
present, and the branching form is again seen in the scar similar to microglia in the 
normal cerebrum. Silver Carbonate Microglia Method. 


The granules probably correspond to the methyl-blue granules of 
Alzheimer. 
A little further removed from the zone of the hemorrhage the astro- 
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cytes are swollen but their expansions are not destroyed. Much of this 
swollen cytoplasm stains less deeply with gold chloride than usual and 
there are fine granules in it (Fig. 7). This finely granular appearance 
characterizes the cytoplasm of the astrocytes for some little distance 





Fic. 6. NEUROGLIA ASTROCYTE IN THE WHITE MATTER OF THE CEREBRUM 
OF A RABBIT NEAR A WouND MADE 3 Days PREVIOUSLY 


lhe animal died on the third day and was autopsied within an hour. The cell 
shows swelling and fragmentation, and is undergoing the degenerative change of 
clasmatodendrosis (amoeboid glia). Silver Carbonate Stain. 


around the wound. The alteration in cytoplasm of each cell can be 
followed well out into the small expansions and into the vascular foot- 
plates. When the wound is in the white matter, the astrocytes appear 
to lose their fibers which are covered by the swelling of the protoplasm, 
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but these changes do not always progress uniformly in each cell. Some- 
times it may be seen that the expansions on one side of a cell contain 
delicate glia fibrils and are slightly swollen, while those on the other side 
are much swollen and all fibrils have become invisible. 

There is no hard and fast separation between the two types of change 
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Fic. 7. SAME CASE AS FIGURE 8 


Astrocytes further removed from a stab wound of 3 days’ standing. The 
cytoplasm is finely granular and the expansions evenly swollen. It can be seen 
that the vascular feet are also swollen. Silver Carbonate Stain. 


described above: (a) the cells frankly in destruction with coarser granules 
and (b) the altered swollen cells with their finer granules. Both types 
of change may be seen at times in the same cell. 

Division. ‘The nuclei of the reacting glia are definitely larger by the 
third and fourth days than the nuclei of similar cells at adistance. They 
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take the silver carbonate stain a little less densely and their shape is more 


irregular than normal. 
In the grey matter swelling of astrocytes occurs in just the same man- 





Fic. 8 Fic. 9 


Fic. 8. DivIsIon OF ASTROCYTES NEAR A STAB WounpD oF 4 Days’ 
DURATION IN THE CEREBRUM OF A RABBIT 
The animal was sacrificed and the brain fixed in situ by immediate injection. 
The astrocytes in the surrounding brain did not show cell division, but there were 
other similar examples of amitotic multiplication in the vicinity of the wound. 
Gold Chloride Sublimate Method. 
Fic. 9. StAB WOUND IN THE CoRTEX OF A RABBIT’s BRAIN AFTER 17 DAys TO 
SHOW THE TRANSITION FROM THE SURROUNDING NEUROGLIA TO THE 
HYPERTROPHIED ASTROCYTES AT THE WOUND MARGIN 


Gold Chloride Sublimate Method 
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ner, and it is seen that here on the third day there is already multiplica- 
tion of neuroglia nuclei by direct division, so that cells which are on the 





Fic. 10. StAB WouUND IN THE CORTEX OF A RABBIT’S BRAIN AFTER 
17 Days SHOWS THE RADIATING ARRANGEMENT OF THE 
NEUROGLIA ASTROCYTES 


Gold Chloride Sublimate Method 
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outskirts of the zone of altered astrocytes are found with several nuclei, 
whereas the neuroglia cells in the surrounding normal grey matter show 
no such increase of nuclei. Therefore, in these cells which show swelling 


rope at 
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Fic. 11. VESSELS AND CONNECTIVE-TISSUE FIBERS IN A WOUND IN THE 
CEREBRAL CORTEX OF A RABBIT’S BRAIN 52 DAYS AFTER 
THE PUNCTURE 


Silver Carbonate Connective-tissue Method 
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of their cytoplasm but not the blotchy destruction seen in clasmatoden- 
drosis, the formation of glia turf (Nissl’s Gliarasen) has begun even as 
early as the third day. 

Amitotic division of the astrocytes is clearly seen about a brain wound 
on the fourth day (Fig. 8). Evidence of such division is plentiful by the 
sixth day of the wound. It depends on the clarity of the stain whether 
this results in the appearance of the socalled ‘‘turf”’ or whether separa- 





Fic. 12. COLLAGEN FIBERS ON THE VESSELS AT THE BORDER OF A 
Wounp Wuicu Hap BEEN INFLICTED 37 DAys PREVIOUSLY IN 


THE CEREBRUM OF A DoG 





Note the increased number of vessels 
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tion of daughter cell bodies as well as nuclei can actually be seen. Some 
of the parent expansions go to each daughter (Fig. 8) and, as Cajal 
pointed out, each newly formed cell probably has a vascular foot. 

Careful search reveals no evidence of mitotic division of neuroglia. 
Mitotic figures were seen about the wound as early as the second day, 
but these belonged to the compound granular corpuscles. Mitotic 
figures in such cells are frequently to be seen in areas of cerebral degenera- 


tion, due to various causes. 





Fic. 13. VESSELS AND CONNECTIVE TISSUE IN A SUPERFICIAL WOUND 
OF RaspBitr’s BRAIN 4 DAys AFTER THE LESION 


Silver Carbonate Method 


Fibrillation. During the process of swelling, glia fibrils become in- 
visible owing to turbid protoplasm which surrounds them. Thus, except 
perhaps for size, the reacting astrocyte which was previously fibrous has 
roughly the same appearance as one that was formerly protoplasmic. 
After the stage of swelling and multiplication, however, the cells lay 
down fibrils and become robust fibrous neuroglia. From this point of 
view scars in the grey matter may come to have the same appearance as 
those in the white matter. 

The hypertrophic astrocytes are confined to the borders of the wound 
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Fic. 14. NEUROGLIA ASTROCYTES ON THE BORDER OF AN EMPTY 
WounpD TRACT 


A puncture had been made with a trocar 4 months previously. The tract 
did not close and did not contain connective tissue. Note the absence of radial 
arrangement of the neuroglia expansions. 
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and a moderately clear-cut line of demarcation develops between them 
and the normal astrocytes. For example, Figure 9 shows a demarcated 
wound of seventeen days’ duration in the cerebral cortex. 





Fic. 15. A ContractreED WouND, MADE IN THE CEREBRAL CORTEX OF A 
RABBIT’s BRAIN 73 DAys PREVIOUSLY, SHOWS THE RADIATING 
ARRANGEMENT OF THE ASTROCYTES AND A LARGE VESSEL 


Gold Chloride Sublimate Method 


With the development of fibrils the astrocytes about the small stab 
wounds become arranged in a radial fashion (Fig. 10). Most of their 
expansions, and particularly the more robust ones, are arranged like the 
spokes of a wheel with the site of the former stab as the hub (Fig. 10). 
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Some tendency to radial arrangement was apparent in small wounds of 
six days’ standing. 

By the nineteenth day, provided the wound is small, the hypertrophic 
area of neuroglia becomes localized to an area apparently smaller than 
that occupied by the swollen cells in the first place. In the large wounds 
made in dogs there appeared about the second month giant neuroglia 





Fic. 16. A CONTRACTED WOUND OF THE RABBIT’s BRAIN 73 DAYS AFTER 
THE PUNCTURE SHOWS GRANULAR PIGMENTARY CORPUSCLES 
Gold Chloride Sublimate Method 


cells (Monsterzellen). These large forms seemed to be more plentiful 
by the sixth month and appeared to be losing their expansions. These 
cells are degenerative and are doubtless deprived of proper nour- 
ishment. 

Contraction. The small stab wounds almost invariably contain con- 
nective tissue at their core. This appears early, and early new collagen 
fibrils are to be seen. In the center of the wound also a plexus of vessels 
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may be found, which frequently radiate (Fig. 11). Among these vessels 
are to be found small and large ones, but there is often at the wound’s 
border a large vessel (see Figs. 10, 11, and 15) on and about which may 
be seen heavy collagen fibrils (Fig. 12). In the more superficial wounds 
(Fig. 13) it is seen that the new vessels and the connective-tissue fibers 
come directly from the pia mater. In these small wounds the site of 
puncture is closed tightly and the astrocytes show the radial arrange- 
ment mentioned above. 

Some stab wounds, particularly those made in dogs where a somewhat 
larger trocar or cannula was used, remained gaping. These hollow tracts 
contained little or no connective tissue and the gliosis about them was in 
general lessoreven absent. Another striking difference in glial reaction 
was the fact that about the empty stab wounds the neuroglia, even when 
hypertrophied, showed no tendency to a radial arrangement, whereas 
in the closed stabs this arrangement was almost invariable. When 
Figure 14 is compared with Figure 10 the difference in the two types of 
wound is illustrated. The empty stab wounds were most frequently to 
be found in the white matter and a tract, which was open there, was 
usually closed at the surface in the grey matter. 

In none of the preparations was there any evidence of active phagocy- 
tosis on the part of the neuroglia cells, although there may be some 
phagocytosis as fixed cells. There was no transition into working cells 
(Abbauszellen). Active phagocytosis was carried out by the compound 
granular corpuscles. In small wounds, 60 or more days after the 
puncture, which were much contracted (Figs. 15 and 16), there was still 
evidence of phagocytosis and in the center, where the radiating glia 
cells converge, some corpuscles with granular pigment. 

By means of the gold and silver methods used no evidence was found 
that neuroglia cells, whether swollen or not, were transformed into 
mobile macrophages. Many such macrophages or granular corpuscles 
were seen, of course, but their presence could be adequately explained 
by their derivation from microglia and possibly from the adventitial cells 
of the vessels. Increase in the number of these cells is provided by 
their own mitotic multiplication. 

The activity of these compound granular corpuscles in the wound 
resembles that of the macrophages about areas of destruction elsewhere 
in the body, and they are evidently of mesodermal origin in the central 
nervous system just as they are in other organs. 
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SUMMARY 


The formation of a simple cicatrix in the brain presents the following 
stages: The first cellular change is observed in microglia cells which 
begin their phagocytic activity early and continue it for a long period. 
Later, the neuroglia astrocytes about the wound become swollen and 
those closest to the area of destruction or to obliterated vessels undergo 
clasmatodendrosis. There follows rapid amitotic division of the other 
astrocytes and the cells then become fibrous and arrange themselves 
typically in a radial fashion about the wound. 

A connective-tissue core forms at the center, connective-tissue collagen 
fibrils are laid down and the wound contracts. In stabs where no con- 
nective-tissue core is present, there is no tendency for a radial arrange- 
ment of the astrocytes and no evidence of contraction. 

Compound granular corpuscles were numerous in the wounds. 
Transitions could be seen from microglia to these cells but no evidence 
was found of astrocytes becoming mobile or developing into the above 
cells. When products of degeneration had disappeared from the wound, 
microglia in its complicated spider-like form appeared in the scar. 
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Practical Otology. By Morris Levine, M.D. 387 pp. $5.50. (Lea and Febiger, 
Philadelphia, 1927.) 

This book is a compilation of lectures given at the New York Post-Graduate 
Medical School and Hospital. It was meant primarily for students, undergradu- 
ate and post-graduate, and for the general practitioner; but the otologist will 
also find it helpful and interesting. It is well written and concise, and its 380 
pages cover the field of otology including a short chapter on Tumors of the Acous- 
tic nerve. There are many practical suggestions contained in a chapter on general 
therapeutic measures. All the accepted surgical procedures are taken up, includ- 
ing those for the various intracranial complications of otitic origin. Timely 
stress is laid upon the necessity of considering diseases of the ear in relation to the 
general condition of the patient, as well as to associated diseases of the upper 
respiratory tract. References to the literature are given at the end of each chapter, 
and interest is added by the inclusion of selected case histories. The work is well 
illustrated, and the text is unusually free from typographical errors. 

LEC. 


The Evolution of Preventive Medicine. By Str AntTHUR NeEwsHoLME, K.C.B., 
M.D., F.R.C.P. 226 pp. $3.00. (The Williams & Wilkins Company, 
Baltimore.) 

This is a delightful and original attempt to trace the growth of preventive medi- 
cine from ancient times to the beginning of the bacteriological era, a second volume 
dealing with modern discoveries being promised later. There is no attempt to 
write an encyclopaedia, the author having rather selected ‘‘some salient features 
and outstanding heroes’ for mention. The consequence is a small, readable and 
instructive book. 

Since the ancient physicians are the fathers of both preventive and curative 
medicine, some overlapping into the field of general medical history is inevitable, 
and indeed is necessary for the sake of orientation. The early obsessions concern- 
ing disease, the partial escape of the early Greeks from the bondage of supernatur- 
alism, the relapse which continued through the middle ages and the “beginnings of 
emancipation” both of medicine and of general science, are sketched briefly and 
interestingly. 

Of unusual interest are the accounts given of the great progress made in our 
knowledge of certain diseases by inductive reasoning from facts determined by 
close observation and study of the conditions under which these diseases occur in 
nature. One of the earliest examples is the classical study of lead poisoning in 
Devon (Essay Concerning the Cause of the Endemial Colic in Devonshire, 1767) 
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by Sir George Baker. This study, which is designated “an example for all times 
of sound methods in experimentation and observation,”’ is presented in sufficient 
detail to enable the reader to follow the essential steps in Baker’s reasoning. 

In the case of another early discovery, the cause and prevention of scurvy, 
while many predecessors, including Captain Cook, have contributed to our knowl- 
edge, the author concludes: “It is to Dr. James Lind (Treatise on the Scurvy, 
ist edition, 1754) that the chief credit is due for describing scurvy accurately and 
for stating clearly what was required for its practical prevention.”’ 

In the nineteenth century three examples are emphasized; the studies of John 
Snow on the epidemiology and mode of spread of cholera, those of William Budd on 
the epidemiology of typhoid fever and those of Holmes, Semmelweis and others on 
puerperal fever. While the author discusses these epidemiological classics in 
some detail, space is not available in such a small volume for the extensive analyses 
that would be required to give them the full emphasis which their fundamental 
importance deserves. 

Sir Arthur modestly expresses the hope that the work may be of use to medical 
students and young physicians. It is safe to say, however, that it will be wel- 
comed by a much wider field. To many who are thoroughly familiar with the 
more modern advances in preventive medicine this entertaining volume will make 
clear many notable but often forgotten achievements of the past. 

J. A. D. 


Hypotension. By ALFRED FRIEDLANDER. $2.50. 1927. (The Williams & Wil- 
kins Co., Baltimore.) 

This is the thirteenth of the series of monographs which originally appeared in 
Medicine. 

Recognizing the fact that it is quite useless to discuss low blood pressure by 
itself, apart from the general subject of vascular tension, it is not surprising Dr. 
Friedlander begins with a short re-statement of the physiology of the average 
normal blood pressure and goes on from that point to a discussion of the many 
factors (physiological, constitutional, pathological and chemical) which tend to 
depress it. The depressor effect of shock, various diseases, constitutional defects, 
cardiovascular diseases and endocrine dyscrasias are presented with a nice com- 
bination of clarity and brevity, so that the book becomes an adequate summary 
in good and readable English of present knowledge of the factors responsible for 
the occurrence of temporary or persistent hypotension of any degree. The fact 
that the section on Essential Hypotension occupies only four and a half pages 
merely emphasizes how little we know of this syndrome and leaves us our choice 
between a constitutional insufficiency of some kind and the yet unproved theory 
of chronic poisoning by a histamin-like substance. 

There is an unusually good summary of thirty pages and an extended 
bibliography. 

U. B. C. 











306 BOOK REVIEWS 


A Textbook of Bacteriology. By Hans Zinsser, M.D. With a section on Patho- 
genic Protozoa, by E. E. Tyzzer, A.M., M.D. (Rewritten, revised and re- 
set.) With 181 illustrations in the text. Sixth edition. 1053 pp. $7.50. 
(D. Appleton and Company, New York, 1927.) 

This well known and justly popular book aims not to be a textbook of pure bac- 
teriology but rather a manual of infectious diseases for the use of medical students, 
physicians and health officers. In common with most textbooks of bacteriology it 
is limited by this aim and, on the other hand, includes much medical material 
which is made necessary for the medical student by the position which bacteriol- 
ogy occupies in his curriculum. 

The most conspicuous change in this edition is the rewriting of the section on 
protozoan infections by Prof. E. E. Tyzzer. This is done in an excellent manner 
for the student and diagnostician. Another important addition is the chapter on 
scarlet fever. 

It is interesting to note that the author “inclines to favor the probable etiologi- 
cal responsibility of the Pfeiffer bacillus for influenza.’’ He also regards the sta- 
tistics on the prophylactic use of B. pertussis vaccine as encouraging. 

We can not agree with the author in regarding B. murisepticus or B. rhusio- 
pathiae as being closely related to either the hemophilic group or the hemorrhagic 
septicemia group of organisms, nor can we regard B. bronchisepticus as a member 
of the Brucella group. In view of its prevalence and pathogenicity for laboratory 
animals B. bronchisepticus would seem to deserve more extensive consideration 
than is given it. Theobald Smith did not identify his guinea-pig bacillus (B. 
bronchisepticus) with an organism observed by Mallory in the ciliated epithelium 
of the air passages in fatal cases of whooping cough, but his work did indicate 
that the bacillus seen by Mallory in the ciliated epithelium of the air passages of 
puppies injected with whooping cough material might be B. bronchisepticus which 
effects a similar localization in these animals. 

“Strangles’’ in horses is wrongly attributed to Strep. equinus, a non-hemolyzing 
organism, whereas it is generally considered due to the hemolytic Strept. equi. 
The statement that the Morax-Axenfeld bacillus is non-pathogenic for lower ani- 
mals is so prevalent in textbooks that the finding by F. S. Jones of an apparently 
identical organism in an epidemic of conjunctivitis in cattle deserves notice. The 
discovery of B. abortus as the cause of bovine abortion is wrongly attributed to 
Theobald Smith instead of to Bang. In the discussion of the possible pathogenic- 
ity of this organism for man it is perhaps too early to expect a reference to the exist- 
ence of a porcine variety and its possible relation to human infection. 

A valuable feature of this book has always been the abundance of references to 
the literature. It is therefore disappointing to find that in the sixth edition these 
references are not always complete. No student’s textbook of bacteriology con- 
tains more information than this one and none are free from such inaccuracies as 
those mentioned above, but one expects fewer of these in a sixth than in a first 
edition. 

J. H. B. 
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Textbook of Bacteriology: Illustrated. By W. W. Forp. 8°. pp. 1069. $8.50. 
(W. B. Saunders Co., Philadelphia, 1927.) 

Although the author states that the book is intended primarily for the medical 
student and the medical bacteriologist it is much more than this and in our opinion 
will find its greatest usefulness as a reference textbook. Bacteriology is rightfully 
regarded as a fundamental subject in the medical course. It is offered to medical 
students in the early part of their course when they have practically no medical 
background for the subject. The teacher of bacteriology must often define medi- 
cal terms, give a smattering of pathology or describe a clinical picture to make his 
subject intelligible to the student. The ordinary textbook of bacteriology for 
medical students also makes these digressions. Medical students do not ordinarily 
become bacteriologists. The subject is too large, requires too much training and 
more time than the medical student can devote to it. The best that can be done 
is to give him an introduction to the subject, a slight knowledge of its methods 
and a brief acquaintance with a few representative pathogenic organisms as a 
necessary background for his pathological and clinical studies. The ideal text- 
book of bacteriology for medical students must accept these requirements and 
limitations. 

Dr. Ford’s book is divided into six parts: I. General Bacteriology, II. Systematic 
Bacteriology, LIT. Distribution of Bacteria, IV. Infection and Immunity, V. The 
Spirochaetes, VI. Infectious Microorganisms of Undetermined Character. Each of 
these parts is well treated but about 600 pages of fine print, much more than half 
the book, are devoted to Systematic Bacteriology and this is the part which arouses 
our admiration. There is a great deal of material here not to be found outside 
of the original publications. Many organisms not mentioned in other textbooks 
are described. Some of these are rare but the descriptions are valuable as matters 
of record and for reference by investigators: others are of common occurrence but 
quite as commonly omitted from other textbooks. It is a relief, for instance, to 
find the common Corynebacterium pyogenes adequately described; also to find 
sections on luminous bacteria, anaerobic cocci, and other non-sporulating anae- 
robes. We miss reference to the existence of a porcine variety of Brucella abor- 
tus, the enterococcus, and to the phenomenon of bacterial dissociation. The 
illustrations of bacteria are original free-hand drawings which “have practically 
all been brought to the same scale’ of magnification. These have not been 
idealized as is so often the case with drawings and are far superior to most photo- 
graphs. The illustration of the acne bacillus is not typical. A valuable feature, 
however, is the illustration not only of typical, but also of many aberrant forms 
which to the bacteriologist are often quite as characteristic as the typical forms of 
certain bacteria. 

Bacteriology cannot yet be treated in as final a manner as anatomy nor in as 
precise a manner as chemistry or physiology. Many organisms have been in- 
completely described or described before present methods of differentiation were 
in use. Very often authentic cultures of these organisms are not in existence. Yet 
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there is the probability that the organism will be reisolated and restudied. It is 
important, therefore, that such descriptions as exist be faithfully recorded with 
references to the original descriptions. Ford has done this in many instances. 
In such cases the incompleteness of the descriptions is due to the incompleteness 
of our knowledge of the subject. 

Dr. Ford has written a real textbook of bacteriology. It contains an enormous 
amount of material treated in an original manner and compiled not from other 
textbooks but from original sources. It represents many years of labor. It is not 
surprising, therefore, that in some sections recent work is not mentioned. Even 
some of the author’s most recent work is not mentioned. It is a physical impossi- 
bility to publish the first edition of a work of this size and have all parts of it up 
to date. A more complete subject index and an author index would be an improve- 
ment. Such defects as exist will doubtless be remedied in future editions. It is 
a book for the advanced student in medical bacteriology and for the working 


library of every bacteriologist. 
J. H. B. 


Bone Sarcoma. The Primary Malignant Tumors of Bone and the Giant Cell Tumor. 
By ANATOLE Kotopny, Ph.D., M.D. 214 pp. $5.50. (The Surgical Pub- 
lishing Company of Chicago, 1927.) 

Kolodny analyzes 700 bone tumors from the Bone Sarcoma Registry collection. 
The malignant cases he groups under four heads: (1) Osteogenic sarcoma. (2) 
Ewing’s Sarcoma. (3) Myeloma. (4) Unclassified “near entities,’’ as angioen- 
dothelioma and extraperiosteal sarcoma. The last section is given over to a study 
of the giant-cell tumor. 

Each of these groups is studied with reference to pathology, clinical course, 
diagnosis, therapy, and prognosis. The etiology of bone sarcoma remains obscure, 
but the author is impressed by the fact that trauma very frequently precedes its 
development. 

The gross descriptions are carefully made. The many photomicrogarphs 
and roentgenograms are unusually clear and fully explained. With many of the 
roentgenograms on the same page are photographs of the macerated and dried 
specimens. 

The monograph is written chiefly for the clinician. The author is careful to point 
out the clinical bearing of the various pathological facts determined. He seems 
to study the groups with the idea of diagnosis, treatment, and prognosis as his 
objective, the pathology being utilized as a means to this end. The pathological 
data all come from the study of the 700 cases. There are very few references to 
the literature. 

The following are a few of the significant facts that Kolodny emphasizes. Osteo- 
genic sarcoma is derived from cells that are the fore-runners of osteoblasts. In 
the same tumor areas can usually be found showing tumor cells forming fibrous, 
osteoid, myxomatous, chondromatous, and osseous tissue. Usually one type 
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of tissue predominates, but we rarely fail to encounter also all or several of the 
other tissues. ‘‘Periosteal’’ and “central’’ are unnecessary divisions for osteogenic 
sarcoma, since from the clinical, roentgenological, and frequently the gross speci- 
men, no such differentiation can be made with certainly. Clinical and radiological 
determinations are often more reliable than pathological findings. Kolodny ad- 
vises against exploratory operations and biopsies, and would substitute therapeutic 
radiation followed by repeated roentgenograms to determine the response of the 
tumor to the radiation. If operation is indicated, amputation is to be preferred 
to resection and grafting. Radiation is as legitimate a therapeutic procedure in 
bone sarcoma as radical surgery and should not be considered as useful only in 
inoperable cases. Kolodny seems to agree with Codman who does not consider 
the giant cell tumor as a true blastoma, but rather as a repair process following 
intra-osseous hemorrhages due to rupture of nutrient vessels. All true giant cell 
tumors are found to be benign. Although favoring radiation with roentgen-ray 
as a therapeutic measure, Kolodny warns against radiation after an incomplete 
surgical operation. Pain in giant cell tumor persists for some time after radiation 
is begun, while in malignant tumors it is usually relieved sooner. 

The monograph is certainly worth more than a casual reading. 

J. V. G. 


Hunter Tod’s Diseases of the Ear. Revised and largely rewritten by GrorceE C. 
Catucart, M.A.,M.D. Second edition. 333 pp. $3.50. (Oxford Medical 
Publications. Oxford University Press, London, 1926.) 

The first edition of this book appeared in 1907. The second edition, the present 
volume, has been revised and largely rewritten by Dr. George C. Cathcart. It is 
well written, concise, and complete. The book divides itself into three main parts: 
(1) The anatomy of the ear and examination of the patient; (2) Diseases of the 
external, middle and inner ear; (3) Intracranial diseases of otic origin and other 
complications. 

The book is not only good for beginners in Otology, and also contains many 


practical points for the busy practitioner. 
L. M. P. 


Elements of Hygiene and Public Health. By Cuartes Porter, M.D., M.R.C.P. 
(Edin.). Second edition. 425 pp. $4.50. (Oxford Medical Publications. 
Oxford University Press, London, 1926.) 

Porter’s Hygiene has been a standard textbook for English students since its 
first appearance in 1917, and the present edition shows evidence of careful revision. 
It has ninety-eight illustrations and is well indexed. Reading is easy and pleasant 
although the material is much condensed. The sequence, however, is still a little 
unusual. Chapter V, for example, which deals with general measures of preven- 
tion, might well follow Chapter VIII, which concludes the discussion of infectious 
diseases. In Chapter VI there is included a section on cancer, although the re- 
mainder of this chapter deals with diseases known to be of an infectious nature. 
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The conservatism of the author, and of English public health authorities in 
general, is reflected in certain instances. Defective drains, damp houses and sewer 
gas, although dismissed as causes of diphtheria, are still regarded as possibly pre- 
disposing to this disease. Toxin-antitoxin immunization is advocated, but the 
present practice in the United States,—the treatment of young children without a 
preliminary Schick test—is overlooked. In dealing with measles no mention is 
made of the use of convalescent serum as a prophylactic, although this has proven 
of considerable value particularly in institutions, in which a considerable propor- 
tion of deaths from this disease occurs. 

Dr. Porter perhaps does not sufficiently emphasize in his section on measles that 
the direction of public health effort should be towards postponement of attack to those 
ages at which case-fatality is negligible. The suggestions of Brownlee and of 
Levy regarding special protection of young children are of value in this connection. 

The volume is a small one, primarily written for medical practitioners, and the 
author does not pretend to go exhaustively into any particular phase of the sub- 
ject. It does, however, give an excellent outline of the essentials of preventive 
medicine, and may be highly recommended especially to those who wish to acquaint 


themselves with the details of English public health practice. 
J. A. D. 


Clinical Physiology. By R. J. S. McDowatt. 383 pp. $7.00. (D. Appleton 
and Co., New York, 1927.) 

A modern note of distinctly pleasing tone is struck in this publication from King’s 
College. For the first time a competent author has given serious attention to the 
facts of physiology in their relation to the broad field of medicine. Throughout 
forty comprehensive chapters and a long appendix an admittedly difficult subject 
is treated with singular clearness. Particularly good are the discussions on the 
circulation and conditions of shock, and on cardiac efficiency and cardiac disease. 
Breathing and the general respiratory adaptations of the body are considered with 
admirable discrimination, and the chapters on physiological principles in relation 
to feeding and to the common gastric ailments should prove specially helpful. 

In vogue, no doubt, are the few paragraphs dealing with the organs of internal 
secretion, although the author’s theories on “endocrine balance’’ which have been 
indulged in appear somewhat premature, to say the least. The interjection of 
psychological fancy amongst physiological fact is also somewhat unfortunate. 

A selected bibliography of the more recent books and monographs is appended. 

To the much burdened junior student struggling with a modern course in physi- 
ology the book offers no direct appeal. The busy clinician or practitioner and the 
senior student who may have allowed their earlier physiological training to become 
a part of the subconscious should, however, find the treatise exceedingly valuable. 


It is most apposite that the book may be read by those who run. 
S. W. B. 








